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This study evaluated the microbiological quality of 180 lettuce samples (Lactuca sativa) of the iceberg
variety from different cropping systems and examined the efﬁcacy of two sanitizers in reducing the
bacterial counts. The results showed high contamination by mesophilic aerobic bacteria in traditionally
grown and organically grown samples, which also possessed thermotolerant coliforms above the rec-
ommended levels in 66% and 80% of samples, respectively. Salmonella sp. was not detected in any of the
analyzed samples. Traditionally grown and organically grown samples also exhibited a high frequency of
intestinal parasites, including the pathogenic Taenia sp. and the Entamoeba histolytica species. In contrast,
only 20% of hydroponically grown lettuce samples were contaminated with parasites. Sodium hypo-
chlorite and acetic acid at concentrations of 100 mg L1 and 1%, respectively, were effective in reducing
bacterial counts, even in samples with high levels of contamination.
 2012 Elsevier Ltd.Open access under the Elsevier OA license.1. Introduction
The consumption of leafy green vegetables provides numerous
health beneﬁts; there is a direct relationship between the
consumption of these vegetables and the reduction of chronic
diseases, such as hypertension, diabetes, atherosclerosis and cancer
(Lopéz-Galvéz et al., 2010). In Brazil, among leafy vegetables,
lettuce of the iceberg variety (Lactuca sativa) is the most frequently
consumed, meaning it makes up approximately 40% of the total
volume traded in supply companies (Oliveira et al., 2010). This
vegetable is a source of ﬁber, minerals and the vitamins A, B1, B2, B6
and C, in addition to possessing laxative, diuretic and lenitive
properties as well as a pleasant and refreshing taste (Keskinen,
Burke, & Annous, 2009). However, because leafy green vegetables
are frequently consumed raw, they may transmit pathogenic
microorganisms and/or their toxins and are sometimes involved in
outbreaks of foodborne illness caused by bacteria (Escherichia coli,araíba, Centro de Tecnologia,
tório de Bioquímica de Ali-
58051-900, Paraíba, Brazil.
nani).
sevier OA license.Salmonella sp., Listeria monocytogenes, Aeromonas hydrophila,
Staphylococcus aureus) (Magkos, Arvaniti, & Zampelas, 2003), or by
intestinal parasites (Giardia lamblia, Taenia sp., Entamoeba histo-
lytica, Strongyloides stercoralis) (Daryani, Ettehad, Sharif, Ghorbani,
& Ziaei, 2008). Thus, a proper and standardized sanitizing process is
essential for the safe consumption of these vegetables and for
decreasing the risks to their consumers (Lee, Costello, & Kang,
2004).
The cultivation of lettuce is performed through traditional,
organic and hydroponic systems. The traditional method is char-
acterized by the cultivation of lettuce in the soil with the use of
fertilizers and pesticides, which are mostly chemical in nature. The
hydroponic method is characterized by the cultivation of plants in
plastic tubes containing a solution with dissolved nutrients and
chemical fertilizers. In this system, the vegetable remains protected
from adverse environmental factors such as rain, frost and winds,
which increases its productivity (Chaves, Laird, Sutherland, &
Beltrao, 2000). Organic agriculture has emerged as an alternative
to highly mechanized agriculture, and this practice avoids or
excludes the use of pesticides, agrochemicals, synthetic fertilizers,
growth regulators or other chemical contaminants (Guadagnin,
Rath & Reyes, 2005; Lopes, Dourado Neto, Manfron, & Jasniewicz,
2004).
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pathogenic organisms in leafy green vegetables, including lettuce.
These potentially pathogenic organisms include thermotolerant
coliforms and intestinal parasites, especially in vegetables grown in
traditional and organic cropping systems (Niemira, 2007). Poor
sanitary conditions in rural and urban areas often result in the
transmission of pathogenic microorganisms to these vegetables,
primarily through the use of irrigation water and fertilizers
contaminated by animal and/or human fecal waste (Amoah,
Drechsel, Abaidoo, & Klutse, 2007).
Washing and sanitizing the vegetables before consumption,
regardless of the cropping system used, is the only measure taken
to reduce the risk of contamination in leafy vegetables like lettuce
(Trinetta, Morgan & Linton, 2010). Chlorine, in the form of sodium
hypochlorite, is the active ingredient commonly used for sanitizing
leafy vegetables (Fukumoto, Toivonem & Delaquis, 2002). Another
widely used sanitizing agent is acetic acid, which is often used in
the form of vinegar in various dilutions (Lück & Jager, 2002).
In this context, knowledge of the pathogenic microorganisms
that are likely to be present in lettuce from different cropping
systems provides important data on the hygienic conditions that
occur during production, storage, shipping and handling and can
provide information that can be used to make decisions regarding
the control of the hygienic and sanitary conditions of the produc-
tion system (Johannessen et al., 2004). However, these data are
scarce in the literature, and there is little information on the
comparative contamination levels of lettuce from traditional,
organic and hydroponic systems from the same region (Lopes et al.,
2004). The aim of this study was to perform a microbiological
evaluation of lettuce samples of the iceberg variety from different
cropping systems and to verify the efﬁciency of acetic acid and
sodium hypochlorite in reducing bacterial counts.
2. Material and methods
2.1. Sampling
Lettuce samples of the iceberg variety, from traditional, organic
and hydroponic cropping systems were purchased in two hyper-
markets in the city of Joao Pessoa, Brazil. Samples were collected on
a weekly basis from May 2010 to April 2011. The sampling unit
established for this analysis was one head of lettuce, regardless of
weight or size, and 60 samples per cropping system. Of these 60
samples, 30 were used for bacteriological analyses and 30 for
parasitological analyses; a total of 180 specimens were analyzed.
The samples were obtained from the hypermarket individually
wrapped in polyethylene bags, without manual contact, and
transported to the laboratory in thermal bags.
2.2. Preparation of the sanitizing solutions
A 1% solution of acetic acid (Reagen, Rio de Janeiro) in sterile
distilled water was prepared, and its pH was subsequently
measured. To make the sodium hypochlorite solution (Gota quí-
mica, São Paulo), a solution in sterile distilled water at a concen-
tration of 150 mg L1 of free chlorine was obtained from the
concentrated product and the pHwas adjusted to 7.0 (Porto & Eiroa,
2006).
2.3. Tests of lettuce sample sanitization
Each head of lettuce was manually defoliated, and disposable
gloves, masks and caps were used during handling. Then, 25 g
portions were washed with sterile distilled water (250 mL) by
immersion in a previously sterilized container. In SanitizingTreatment 1 (S1), samples were washed using only sterile distilled
water, in S2 the samples were washed and immersed in 225 mL of
1% acetic acid for 15 min, and in S3 the samples were washed and
immersed in 225 mL of sodium hypochlorite at 150 mg L1 for
15min. The control treatment consisted of the samples without any
type of sanitizing treatment.
The waste remaining from immersion in acetic acid (S2) was
neutralized in 225 mL of phosphate buffer (pH 7.0). To neutralize
the residues in samples that had been submitted to procedure S3,
2 mL of 10% sodium thiosulfate were added to the sodium hypo-
chlorite solution (Porto & Eiroa, 2006).
After the sanitization process, the fractions from each of the
treatments were individually homogenized in a sterile blender for
2 min at 2000 rpm with 225 mL of 0.1% peptone water. Each
homogenized portion was designated as the initial dilution (101)
of treatments, fromwhich serial decimal dilutions were performed
(102e105) in the same diluent.
2.4. Bacteriological analysis
In samples submitted to the different sanitizing treatments, the
most probable number (MPN) of total and thermotolerant coli-
forms was determined, as well as the total count of mesophilic
aerobic bacteria and Salmonella sp.
For the MPN technique, presumptive and conﬁrmatory tests
were performed using three tubes per dilution. In the presumptive
test, tubes containing Lauryl Sulfate Tryptose broth (LST) were
used, which were incubated at 35 C for 48 h in a bacteriological
incubator. Later, conﬁrmatory tests were performed by transferring
tubes that exhibited gas production in LST broth to tubes with
brilliant green bile broth with 2% lactose (BG) and Escherichia coli
broth (EC). BG broth tubes were incubated at 35 C for 48 h in
a bacteriological incubator, while the EC broth tubes were incu-
bated at 45 C for 24 h in a thermoregulated bath with continuous
water circulation. Tubes exhibiting growth with gas production in
BG broth were considered positive for total coliforms, and those
that grew with gas production in EC broth were positive for ther-
motolerant coliforms. The sequence of positive tubes for each
dilution was recorded, and the MPN calculation of total and ther-
motolerant coliforms was determined with the use of the Hoskins
table (Vanderzant & Splittstoesser, 2001a).
To assay the presence of mesophilic aerobic microorganisms,
Plate Count Agar (PCA) was used after incubation at 35 C for
24e48 h. The results were expressed as the logarithm of Colony
Forming Units per gram (log10 CFU/g) of vegetable tested (Oliveira
et al., 2010).
To search for Salmonella sp, pre-enrichment was performed in
Lactose broth at 35 C for 18 h with subsequent enrichment in
selective medium composed of Tetrathionate broth with Brilliant
Green (1:10) and RappaporteVassiliadis (1:100) with incubation in
a water bath for 24 h at 42 C. Differential plating was conducted in
Hectoen Enteric Agar and SalmonellaeShigella Agar incubated at
35 C for 24 h. Characteristic Salmonella colonies (lactose negative
and H2S production) were submitted to biochemical tests to obtain
evidence of growth on Simmons Citrate medium, motility and
indole production in sulﬁde-indole-motility medium, H2S and gas
production on Triple Sugar Iron agar, lysine decarboxylation and
urea hydrolysis (Vanderzant & Splittstoesser, 2001b).
2.5. Parasitological analysis
The parasitological analysis of the vegetables was performed as
described by Takayanagui et al. (2007). The damaged parts were
discarded and samples were submitted to defoliation, where each
leaf was washed with a size 16 brush in a sterile glass container
Table 1
Effect of sanitizing treatments on the counts of mesophilic aerobic bacteria
(log10 CFU/g) and total and thermotolerant coliforms (TTC) (log10 MPN/g) in lettuce
samples (Lactuca sativa) of the iceberg variety obtained from different cropping
systems, in Brazil.
Mesophilic aerobic bacteria
Treatments Traditional Organic Hydroponic
Control 7.21 (0.49)a 7.56 (0.57)a 5.10 (0.56)a
S1 6.41 (0.33)b 6.78 (0.59)b 4.17 (0.49)b
S2 2.33 (0.52)c 2.93 (0.58)c 1.88 (0.46)c
S3 1.83 (0.47)c 2.01 (0.36)c 1.7 (0.44)c
Total (TC) and thermotolerant coliforms (TTC)
Treatments Traditional Organic Hydroponic
TC TTC TC TTC TC TTC
Control >3.38a 2.38a >3.38a 2.51a 1.83a 0.95
S1 2.66a 1.63a 3.04a 1.97a 0.95a <0.48
S2 1.36b <0.48b 1.36b 0.95a <0.48a <0.48
S3 1.36b <0.48b 1.20b <0.48b <0.48a <0.48
Values are presented as the mean and standard deviation. Different letters in the
same column represent a difference by Tukey’s test (p  0.05). S1: samples cleaned
with sterile distilled water, S2: samples cleaned and treated with acetic acid (1%),
S3: samples cleaned and treated with sodium hypochlorite (100 mg L1).
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ﬁltered through eight-fold gauze and collected in conical bottom
cups and left to rest for 24 h to allow time for spontaneous sedi-
mentation to occur (Bailenger, 1962). After this period, each cup
was examined independently, and 0.1 mL of the sediment obtained
was analyzed using an optical microscope at 10x and 40x magni-
ﬁcation, after adding lugol to the slide.
2.6. Statistical analysis
All tests were performed in triplicate and the results were
expressed as the mean of three trials. Statistical analysis was per-
formed using Student’s t test and Tukey’s test to determine
signiﬁcant differences (p< 0.05) between themeans. The statistical
analyses were carried out using the Sigma Stat. 3.5 software.
3. Results and discussion
The average values for mesophilic aerobic microorganisms in
lettuce samples grown in traditional, organic and hydroponic
cropping systems ranged from 6.48 to 8.08 log10 CFU/g, 6.85 to 8.30
log10 CFU/g and 4.35 to 6.24 log10 CFU/g, respectively. Brazilian
legislation has established no maximum acceptable levels for
mesophilic aerobic bacteria in vegetables that are generally
consumed raw; however, Solberg et al. (1990) reported that values
greater than 5.0 log10 CFU/g indicate unsafe food because most
pathogenic bacteria are mesophilic. In the present study, all
samples from traditional and organic cropping systems exhibited
counts greater than 5.0 log10 CFU/g, while in the hydroponic
system, only 20% of the samples (n¼ 6) had counts above this value.
The average values observed for mesophilic aerobic bacteria in the
traditionally grown samples (6.48 log10 CFU/g) differ from those
reported by Soriano, Ricob, Moltó, andMañes (2000), who reported
counts of 6.95 log10 CFU/g. For samples from the organic system,
the average count (7.56 log10 CFU/g) was similar to results obtained
by Wießner, Thiel, Krämer, and Köpke (2009) for lettuce grown in
an organic cropping system in Germany. In turn, hydroponically
grown samples showed an average mesophilic aerobic microor-
ganism count (5.10 log10 CFU/g) higher than that found by Favaro-
Trindade et al. (2007).
In samples from the three cropping systems analyzed in this
study, the presence of Salmonella sp. was not detected. The absence
of this pathogen from lettuce grown in traditional and organic
systems was also reported in previous studies (Oliveira, Souza,
Bergamini, & Martinis, 2011; Oliveira et al., 2010). These results
are in agreement with the current microbiological criteria adopted
for foods in Brazil (Brasil, 2001, pp. 45e53), which establishes the
absence of Salmonella sp. in vegetables.
Total and thermotolerant coliforms were found in all analyzed
lettuce samples; however, samples grown in the traditional and
organic cropping systems had higher counts than those grown in
the hydroponic system. The presence of coliforms in vegetables
indicates negligence during cultivation and/or production, which
can lead to unsatisfactory hygienic conditions (Soriano et al., 2000;
Wiebner et al., 2009). Although the counts of total coliforms were
high, their presence in water and food has less impact than the
presence of thermotolerant coliforms or E. coli, and there is no
standard in the current Brazilian legislation proposing limit counts
for vegetables. Values considerably higher than those found in this
study for total coliforms in lettuce have already been reported
(Amoah, Drechsel, Abaidoo, & Ntow, 2006).
On the other hand, the maximum limit established by Brazilian
legislation for thermotolerant coliform bacteria is 2.0 log10 MPN/g
(Brasil, 2001, pp. 45e53). Based on this standard, among the lettuce
samples grown in traditional and organic cropping systems, 66%(n ¼ 20) and 80% (n ¼ 24), respectively, showed counts above the
recommended limit, while all hydroponically grown samples had
counts below this limit. These data conﬁrm previous reports that
contamination with thermotolerant coliform bacteria is higher in
vegetables grown in traditional systems when compared to organic
and hydroponic cropping systems (Lee et al., 2004; Park, Alexander,
Taylor, Costa, & Kang, 2008). Presumably, this difference is related
to the soil contact that occurs in these systems, which is charac-
terized as an important source of microbial contamination in
traditional and organic cropping systems. Moreover, the practice of
irrigation with untreated water and the application of manure as
a fertilizer, especially in the organic system, can contribute to
a higher level of contamination.
When comparing the effects of different types of washing and
sanitizing procedures on the counts of mesophilic aerobic bacteria
in lettuce from the different cropping systems, it was observed that
the use of sodium hypochlorite (150 mg L1) was more effective,
reducing the counts of traditional, organic and hydroponic lettuce
to 5.38 log10 CFU/g, 5.55 log10 CFU/g and 3.53 log10 CFU/g, respec-
tively (Table 1). These results are higher than those previously
reported by Soriano et al. (2000), who reported a reduction of 2.37
log10 CFU/g in the bacterial counts of lettuce leaves treated with
sodium hypochlorite at 150mg L1. Porto and Eiroa (2006) reported
that sodium hypochlorite at 100 mg L1 was able to reduce
numbers of L. monocytogenes by 1.9 log10 CFU/g in experimentally
inoculated lettuce.
The application of acetic acid (1.5%) caused a reduction in the
counts of mesophilic aerobic bacteria of 4.88 log10 CFU/g, 4.63
log10 CFU/g and 3.22 log10 CFU/g in samples of lettuce grown in
traditional, organic and hydroponic systems, respectively. Eiroa and
Porto (1996) used vinegar at 6%, which corresponds to 0.25% acetic
acid, for the sanitation of lettuce grown in the traditional system
and found reductions below 1 log10 CFU/g. Entani, Mito, Shigetomo,
Yoshimori, and Michio (1998) used acetic acid at a ten-fold higher
concentration (2.5%) and found reductions of up to 8 log10 CFU/g in
the population of E. coli O157: H7 in traditionally grown lettuce.
As expected, washing the samples with distilled water (H1)
showed lower efﬁciency, reducing, on average, bacterial counts by
0.80 log10 CFU/g in the traditional system, 0.78 log10 CFU/g in the
organic system and 0.93 log10 CFU/g in the hydroponic system.
According to Berbari, Pascholiano, and Silveira (2001), washing
Table 2
Frequency of intestinal parasites in lettuce samples (Lactuca sativa) of the iceberg variety obtained from different cropping systems in Brazil.
Parasites Traditional Organic Hydroponic
N % N % N %
Endolimax nana 15 50 18 60 3 10
Entamoeba coli 21 70 23 76.7 4 13.3
Entamoeba histolytica 10 33.3 15 50 3 10
Giardia lamblia e e 5 16.7 e e
Iodamoeba butschlii 3 10 e e e e
Ancylostomatidae e e 3 10 e e
Ascaris lumbricoides 3 10 6 20 e e
Strongyloides stercoralis 18 60 21 70 1 3.3
Taenia sp. 2 6.7 3.3 5 e e
Trichostrongylus sp. e e 3 10 e e
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is not satisfactory, requiring the additional use of sanitizing
solutions.
The application of acetic acid (S2) and sodium hypochlorite (S3)
to lettuce samples resulted in products with counts of thermoto-
lerant coliforms within limits recommended by Brazilian legisla-
tion (<2 log10 MPN/g), regardless of the cropping system (Table 1).
These results are in agreement with previous reports on reductions
in the number of thermotolerant coliforms in lettuce by the use of
sodium hypochlorite at 150 mg L1 (Odumeru, Boulter, Knight, Lu,
& McKellar, 2003; Parish et al., 2003; Soriano et al., 2000) and 1%
acetic acid (Pirovani, Piagentini, Gomes, & Dipentima, 1998).
The parasitological analysis of lettuce samples revealed the
presence of intestinal parasites in all samples from traditional and
organic systems, and 20% of samples from the hydroponic system
(Table 2). These samples are considered to be of poor quality,
according to the Brazilian legislation (Brasil, 1978, pp. 42e49),
which proposes the absence of dirt, parasites and worms in vege-
tables. This reinforces our ﬁndings of contamination, especially in
samples from the organic cropping system, detected in these
bacteriological analyses.
Entamoeba coli and Endolimax nana were the most prevalent
protozoa in samples from the three cropping systems analyzed.
Although not pathogenic, both parasites are indicators of fecal
contamination of human and/or animal origin in vegetables (Slifko,
Smith, & Rose, 2000). These ﬁndings are similar to those obtained
by Robertson and Gjerde (2001) in lettuce samples from traditional
and hydroponic cropping systems. The helminth found in lettuce
samples from all cropping systems was S. stercoralis (Table 2).
According to Ingham et al. (2004), the importance of its detection is
related to the clinical manifestations it causes in immunosup-
pressed hosts, such as bleeding, swelling and intestinal ulceration.
E. histolytica cysts, which is the parasitic agent responsible for
amebiasis, a major cause of parasite-induced death worldwide
(Erdogrul & Sener, 2005), were detected in lettuce samples from the
three cropping systems studied. The identiﬁcation of Taenia sp eggs
in lettuce samples from traditional and organic cropping systems is
also important because this agent can cause neurocysticercosis,
which is considered to be the most severe infection caused by
helminths (Slifko et al., 2000). Although the results of parasito-
logical analyses obtained in this study agree with data from
previous studies, variations in the frequency of intestinal parasites
and species detected in vegetables may be related not only to the
type of cropping system but also to the methodology used in the
parasitological examination (Baré et al., 2009; Kozan, Gonenc,
Sarimehmetoglu, & Aycicek, 2005). Although the relevance of the
contamination in vegetables by enteric protozoa and helminths is
recognized, previous studies reporting contamination levels in
fresh lettuce for consumption from its different cropping systems
are still scarce.4. Conclusion
Lettuce samples from traditional and organic cropping systems
showed poor hygienic-sanitary quality, as evidenced by the high
levels of contamination by mesophilic aerobic bacteria and
total and thermotolerant coliforms. These systems also exhibit
contamination by intestinal parasites, including E. histolytica cysts
and eggs of Ascaris lumbricoides and Taenia sp. In general, samples
from the organic system were the most contaminated both by
bacteria and intestinal parasites. However, the lowest contamina-
tion level was observed in hydroponically grown lettuce. The
results showed that washing with sterile water was sufﬁcient to
reduce the bacterial load to safe levels for human consumption in
hydroponically grown lettuce, but not sufﬁcient for samples from
traditional and organic systems. Sodium hypochlorite and acetic
acid exhibited an effective sanitization for reducing the bacterial
contamination of lettuce samples from the different cropping
systems that we assessed. Given that lettuce is usually consumed in
its fresh form, these results suggest that the use of acetic acid and
sodium hypochlorite for sanitation is an effective alternative for
reducing microbial contamination.
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